When charged particles are exposed to an electric field the well-known Coulomb force acts on them. In this investigation, this force is utilized to induce vertical motion of spherical steel particles submerged in a dielectric liquid. The interelectrode space of a two parallel electrode system is filled with the liquid and dispersed steel particles, which become charged after contact with the electrodes. Experiments were carried out to measure the effect of this particle motion on the heat transfer between an electrode surface and an adjacent stagnant dielectric liquid. In order to interpret the experimental data, the dynamics of particles was analytically studied for low particle volume concentrations. Experimental results demonstrate significant heat transfer enhancement on low viscosity dielectric liquids. A detailed discussion is presented on the possible mechanisms responsible for such an enhancement.
INTRODUCTION
Tiny solid particles dispersed in a liquid or gas flow can influence the heat transfer process in a medium by various mechanisms. One of the effective mechanisms is the mixing (or stirring) action that is induced in the surrounding medium by the motion of particles in the bulk of the medium. Another mechanism arises from the particle-wall interactions where bombarding of the wall by particles causes a thinning of the viscous boundary sub-layer (Özbelge, 2001) . In two-phase flows of moderate to high particle volume concentration, the particleturbulence interaction mechanism also holds a great importance (Arcen et al., 2012) . Furthermore, the total heat capacity of the solid-liquid two phase medium is another factor that can affect the heat transfer rate. All these factors can reduce the heat resistance of the medium and, subsequently, aids to the transport of thermal energy. A theoretical study about different mechanisms of local heat transfer enhancement raised by bombardment of a surface by spherical particles can be found in Murray (1994a) . Indeed, adding micron-sized solid particles into the fluid flow is a common strategy for heat transfer augmentation, and many technical notes and papers are available about this technique under the title of "particulate flow" or "fluidized bed" (Feng and Michaelides, 2009; Dan and Wachs, 2010; Nirmala and Muruganandam, 2015) . Several external agents have been used by researchers for deriving and controlling the dispersed phase in the suspensions. Not all but a few are magnetic fields (Rawat et al., 2014) , sound waves (Wankhede et al., 2011; Xu et al., 2006) , container vibration (Bacelos et al., 2011) and mechanical stimulation (Siebert et al., 1999) . The mentioned technique is often difficult to be implemented in practice due to a substantial problem of sedimentation of the dispersed micron-sized particles in the flow. However, the main idea of adding solid particles into a flow as a heat transfer enhancement method still works (Flamant et al., 2014) . For an instance, a nanofluid which is an effective medium for heat transport, contains nanosized solid particles suspended in a base liquid. In fact, reducing the size of particles from the micrometer to the nanometer scale decreases the sedimentation rate considerably and significantly improves the stability of the medium via inter-molecular forces (of course, the mechanisms of heat transfer in nanofluids are different from those discussed here). In addition to the reduction of particle size, another beneficial way to tackle the problem of particle sedimentation is forcing the submerged particles to move continuously in the liquid in order to prevent them from sedimentation. This task can be fulfilled by electric fields. An electric field can give rise to Coulomb force that acts on the particles against gravitational force. This method is known as electrostatic fluidization in the literature studied, for instance, by Berkov in 1987 and Zhebelev in 1991. In this paper we discuss the use of electric fields as an external agent to force the solid particles to move in a stationary viscous medium. To this end, we exploit the well-known motion of a conductive particle between two flat parallel metal plates under the influence of an electric field (Choi et al., 2001; Asano et al., 2002) . Indeed, a single conductive particle becomes charged through induction when placed on an electrode and, for a sufficiently high voltage difference between the plates, the particle lifts off the electrode and moves towards the other electrode. Different dynamic behaviors can appear depending on the strength of the external electric field, size and density of the particle and viscous medium properties. As there are various industrial situations involving conductive particles subjected to electric fields, several investigations have been carried out in this regard. Choi et al. (2000) studied experimentally the motion of a single glassy carbon spherical particle in silicon oil under the uniform electric field between parallel plate electrodes. Asano et al. (2002) conducted some careful experiments with millimeter sized glassy carbon and steel spheres in the parallel electrode system. They observed the peculiar behavior in which conductive particles stay on the electrodes for a while after collision. An interesting application of two parallel electrodes system was recently introduced by Kawamoto (2009) . He utilized this system in order to manipulate a single conductive or insulating fine particles with DC electric field. Recently Drews et al. (2014) used a Stokesian dynamic-like approach for computing the charge and force on a conducting spherical particle between two parallel electrodes.
Although the dynamic behavior of conductive particles in a medium containing dielectric gas or liquid under an electric field is widely investigated by a large number of researchers, it is difficult to find a study in the literature dealing with the heat transportation caused by such particle movements (Bologa et al., 1985) . This is the main objective of the present work. Effectiveness of the proposed method will be revealed by comparison of the magnitude of heat transfer rate between two cases "with" and "without" utilizing electric fields for fluidization of spherical particles submerged in a viscous dielectric medium. Another goal is gathering experimental data for evaluating future numerical studies. To the best knowledge of the authors, there is no experimental study on a case similar to our configuration and circumstances.
EXPERIMENTAL SETUP AND DATA REDUCTION
Our objective is to study the effect of the particle motion and collision with a heat transfer surface (HTS) on the heat transfer rate between that surface and the surrounding viscous medium. Figure 1 shows a schematic representation of the experimental setup. The main part of the setup is a rectangular container made of special plexi-glass (1) with side walls 10 mm thick. (Underlined numbers in the text of this section refer to the corresponding ones shown in Fig. 1 ). Two small holes drilled on the container's wall serve as liquid inlet and air outlet. The container is completely transparent to allow for observation of the particles motion of the particles (2) submerged in the dielectric liquid (3). Also, it is sufficiently resilient against high voltage electric potential. A copper flat plate (4) 100 mm long, 50 mm wide and 2 mm thick was attached on the floor of the container and connected to a high voltage supplier (5) with positive polarity. Another copper plate (6) with the same dimensions (100 mm × 50 mm × 2 mm) was placed on top of the container and connected to ground. A photograph of the test section is given in Fig. 2 . The interelectrode distance is adjustable through the screw shown in Fig. 2 . When the voltage supplier is switched on, a uniform electric field is set in the interelectrode space. The electric field induces the vertical motion of the conductive particles across the interelectrode gap. The electric current across the interelectrode gap is recorded by a pico-ammeter (7) connected in series with the high voltage supplier. The pico-ammeter was shield against any capacitive discharge by a resistor with a high electric resistance. The upper plate (grounded electrode), plays the role of a heat transfer surface (HTS) with a constant temperature of .
ue T ue T is maintained constant by using a water flow (8) produced by a constant temperature bath (9). During each experiment, the value of ue T , was available at any moment by reading the signal of a thermocouple (10) mounted on the center of the upper electrode. Maximum deviation of ue T , from the desired constant value was less than 1C  in all tests. The heating energy gradually transfers from 
where p m is total mass of particles dispersed in the working fluid.
When there is no particle in the medium and no potential difference between the two electrodes (i. e. 0 0 , V     ), the total heat transferred from the HTS to the liquid is (see Eq. (1)):
in which
The ratio of 0
Q ( t ) Q ( t )
   is a reasonable indicator of the effectiveness of the implemented technique for enhancing the heat transfer rate in the configuration under study. Considering Eqs.
(1), (2) and (4):
We define the heat transfer enhancement factor (HTEF) as:
where An analysis of the errors of experimental data was based on Beckwith et al. (2007) and maximum uncertainty of 5.45% was predicted for HTEF (see appendix for more details). Reproducibility of the tests was assessed and confirmed by repetition under identical experimental conditions.
MATERIALS AND METHODS
Note that in the present tests, the particle volume concentration is: 3 3 3 6 6000 (0.3 ) 6 100 100 0.085%, 100 50 20
which is sufficiently small to guarantee the validity of the assumption of negligible hydrodynamic and electrical interaction between particles. It is worth to point out that in a similar experiment on the fluidization of electrically conductive particles (bronze spheres with density of 8840 kg/m3 and mean diameter of 0.286 mm), Bologa and Berkof (1987) , demonstrated that for a volume concentration below 0.11%, the effect of particles on each other motion is negligible.
JOULE HEATING EFFECT
In addition to the upper electrode, the so called Joule heating effect is a source of heat for the particle-liquid dispersion. The magnitude of this effect is estimated by the following formula:
where V  is the electric potential difference between the two electrodes and I( t ) is the electric current passing through the dispersion (i.e. the current recorded by the picometer (7) ). Since both working liquids are strong dielectrics, the electric current is often in the nano-ampere range. However, the presence of conductive tiny particles in the liquid increases the electric current I( t ) considerably. Throughout this study, a maximum average electric current of . C.

, negligible in comparison with the increment caused by the upper hot electrode (several degrees). Thus, the Joule heating effect is ignored in this study.
PARTICLE DYNAMICS
In order to interpret the results of the heat transfer tests, it is essential to understand the effect of various pertaining parameters on the particle dynamics, particularly, on the particle velocity and Reynolds number. As previously mentioned, the volume concentration of dispersed particles in the current study is very low and no considerable hydrodynamic or electrical interaction exists between particles. Based on the experiments, two different kind of dynamic behavior are generally observed for a particle located on the lower electrode surface. In one case, the particle cannot reach the upper electrode after detaching from the lower due to charge leakage from the particle surface to the surrounding fluid. Thus, the particle falls down due to gravitational force and contacts with the lower electrode, repeating the motion. In the second scenario, the particle rises until it reaches the upper electrode. As the particle approaches that electrode, the electric field between the particle and the electrode increases and, eventually, a micro-discharge would occur between them (Dascalescu et al., 1998) . During the microdischarge, the particle exchanges some electric charge with the electrode, delivering part of the charge which had been obtained from the far electrode and gaining countercharge from the close electrode. Then, it repels from the close electrode moves back to the lower electrode. This scenario will hold as long as the electric potential difference between the two electrodes is maintained. Depending on the charge relaxation time of the medium ( c  ), one or the other scenario will take place. When c  is large in comparison with the particle flight time flight  , the second scenario appears (i.e. 1 c flight    ). Based on our direct experimental observations, we will consider this scenario in the following analysis of particle dynamics.
Equation of Motion
Ignoring the history force (Brennen, 2005) , the electrical image forces (Perez, 2002) and the so called wall effect on the hydrodynamic forces (Ardekani and Rangel, 2008) as well as assuming a large charge relaxation time for the surrounding liquid (second scenario), a simplified equation governing the upward motion velocity, 1 ( ) u t and the downward motion velocity, 2 ( ) u t of a single particle, can be written as:
where,
is the uniform electric field strength with V and d being the electrical potential of the powered electrode and the interelectrode distance, respectively. p q stands for the charge transferred to the particle surface after colliding with the electrodes.
D C
is the drag coefficient, which can be calculated, for example, by the following formula of Clift et al., (1978) 
The particle charge can be obtained using the wellknown Flechi formula (Dascalescu, 1998) which is used for a conductive spherical particle placed on an electrode and exposed to uniform electric field Table 1 for numerical values of other parameters.
Equation (9) was numerically solved using Eqs. (10) and (11), with initial condition (0) 0, u  for obtaining the particle instantaneous velocity. Figure  3 shows 1 ( ) u t and 2 ( ) u t versus the distance of the particle center to the lower electrode for different values of the powered electrode voltage. It can be observed that, for any value of the applied voltage, the particle reaches the terminal velocity rapidly after detaching from the electrodes. Thus, terminal velocities 1 u  and 2 u  would be considered as typical velocity scales for estimating the effect of the particle dynamics on the heat transfer enhancement. Note that, because the wall effects (Izard et al. 2014) are neglected, the otherwise expected sharp reduction in particle velocity is not observed in the regions close to the electrodes. Further discussion is available at the section 8
Analytical Formula for the Particle Terminal Velocities
Although the drag coefficient given by Eq. (10) 6, M 6
(9) and using Eq. (11) and (12) respectively for the drag coefficient and the particle charge, we have:
where 1 , Re  denotes the particle terminal Reynolds number during its upward motion.
1
Re  can be obtained simply by solving the above algebraic equation.
In a similar way, for the downward motion of a single particle, Eq. (9) is reduced to:
where 2 , Re  denotes the particle terminal Reynolds number during its downward motion. Comparison between Eqs. (13) and (14) shows that the dynamic behavior of a typical single particle during its upward motion can be very different from that of downward motion depending on the particle to liquid density ratio. The larger the density ratio, the greater the difference. Typical roots of Eqs. (13) and (14) are depicted in Fig. 4 
In Fig Figure 5 shows solutions of algebraic Eq. (13) and (14) for the conditions of the present experiments. That is a steel particle of 300 m  diameter immersed in either silicon oil or opticool liquids and, subjected to electric fields of different strengths. It can be seen that the particle terminal Reynolds number scales linearly with voltage within the studied range. Also, the terminal Reynolds number for the particle moving in silicon oil is considerably lower than that for opticool. Furthermore, the upward and downward motion in silicon oil takes place with approximately the same terminal Reynolds number (in contrast to opticool). These differences, as well as other observable tendencies in Fig. 5 (Park et al., 2014; Schober et al., 2009) . Reduction of c  would significantly change the scenario. 
Particle Terminal Reynolds Numbers in the Present Experiments

VALIDATION BY NUMERICAL SIMULATION FOR THE CASE OF NO DISPERSED PARTICLES
An exact numerical solution of the current problem requires a direct numerical solution (DNS) technique such as arbitrary Lagrangian-Eulerian method (ALE) (Gan et al., 2003) or Distributed Lagrange Multiplier/Fictitious Domain method (DLM/FD) (Dan and Wachs, 2010) . Such simulations for the current problem are very complicated particularly due to the electric field effects. They are also very time consuming and memory demanding because of large number of the spherical particles dispersed in the medium. Therefore, such simulations are beyond the present work. However, in a special case, without the presence of moving particles inside liquid, the heat transfer procedure can be straightforwardly simulated. Although this is only a special case and does not include the main phenomenon of the vertical motion of dispersed particles, it is still useful because it can evaluate the medium's central point temperature, ,
C , f T (t ) which is used for calculation of HTEF according to Eq. (7).
In this special case, neither free nor forced convection takes place inside the liquid domain. Because the liquid is at rest and the hotter plate locates above the liquid, the only relevant heat transfer mechanism is conduction through which the heat is transferred from the upper electrode to the adjacent stagnant liquid and to the plexi-glass container body. 
Boundary conditions for the liquid-container interface read: 
where 1 1 ( , , , ) T T x y z t  and 2 2 ( , , , ) T T x y z t  denote the temperature distribution in the liquid and the container medium, respectively. 0 T is the initial temperature of the solution domains (liquid and its container). up T refers to the upper electrode constant temperature. In this simulation we considered 6 V h  which was calculated based on the following formula (David, 2012) . 
A finite element method was used for solving the governing Eq. (16), (17) and (18).
Temperature distribution in the mid-planes of the solution domains for 5min t  has been shown in Figs. 6(a) and (b). As seen in both figures and as expected, the heat is diffused from the upper electrode into the liquid one-dimensionally (-zcoordinate direction) and very uniform temperature distribution is observed in the horizontal planes except in a thin layer close to the container walls. It is worth to note that the temperature of the container's outer surface is still low after 5 minutes. Hence, the natural convection, as mentioned, does not significantly influence the results. transfer rate from HTS to the liquid. We believe that the up and down motion of particles can displace and stir the liquid layers close to the HTS and decrease accordingly the thermal resistance. This subject is described in detail in the section 8.
In Fig. 7 the simulation result for the temporal evolution of the domain's central point is compared with the corresponding measured data. As seen, very good agreement exists between them in the interval of 30 minutes, which validates the implemented devices and measurement techniques.
EFFECTIVE MECHANISMS
Before examining the details of the experimental results, it is convenient to discuss the various mechanisms through which the motion of particles influences the heat transfer rate in the configuration under study. The effect of moving particles on transportation of heat from an impingement surface (here the upper electrode) to the adjacent liquid can be participated to the following three distinct mechanisms.

Bombardment mechanism (BM)

Mixing mechanism (MM)
 Particle rebound mechanism (PRM)
Bombardment Mechanism (BM)
The bombardment mechanism relates to the bombardment of the heat transfer surface (HTS) by impinging particles. This mechanism acts by squeezing the liquid out from the particle-HTS gap via impinging particles which consequently results in creation of convective heat transfer between the HTS and adjacent liquid. A typical squeezing flow of a Newtonian and Non-Newtonian fluid between an approaching spherical particle and a plane wall has been studied by Despeyroux and Anbari (2012) . From the velocity field in the particle-wall gap (see Fig. 2 in Despeyroux and Anbari (2012) ), it can deduce that a significant heat transfer can occur by transient forced convection mechanism whenever a temperature difference exists between the particle and the interstitial fluid. Also, the heat transfer in the squeezing flow between two flat surfaces has been widely studied Vafai, 2004, 2005) which almost unanimously confirm heat transfer augmentation.
For a particular particle and a given interval of time, the particle impinging velocity, imp u , and number of collisions between the particle and the HTS, , c N are two functional factors which determine how much the BM is effective in enhancing of the heat transfer. Obviously, larger imp u and c N will result in more effectiveness of this mechanism.
Mixing Mechanism (MM)
The Mixing mechanism, in contrast to the bombardment one, acts on the bulk of the liquid. It refers to the reduction of temperature gradients in the heat transfer direction through mixing in the bulk of the liquid. Indeed, when the particles vertically move inside the liquid, they disturb various layers of the stationary liquid and displace the liquid in short distances. Such liquid displacement brings about a convection-like effect in the medium which augments the heat transfer rate and increase the stored thermal energy. Relation between characteristics of a particle motion and the consequent mixing effect in its surrounding medium has not been clearly formulated. However, at a first glance, it can be said that magnitude of the liquid displaced by the particle motion and wake structure behind the moving particle are two dominant factors. Generally, as Hetsroni et al. (2001) has shown, the region behind an obstacle is very interesting in view of the heat transfer enhancement.
Particle Rebound Mechanism (PRM)
The particle rebound mechanism (PRM) refers to the thermal energy transportation by the rebounding particles. This mechanism has been analytically studied by Murray (1994a) for laminar thermal boundary layer in a cross flow over a tube wall. He found that the PRM is responsible for much of the measured heat transfer enhancement (Murray 1994b) . For the problem under study, the PRM would be described as below; consider a typical small particle placed on the lower electrode and with temperature 1 T at time 1 t (It can be reasonably assumed that 1 G T T  where G T refers to the grounded electrode temperature). The particle is moved upward by the Coulomb force and reaches the upper electrode at time 2 t , having a temperature 2 T . Depending on the particle velocity, size and material properties and the medium temperature distribution, 2 T will be lower than the surrounding liquid temperature, 3 T (It can reasonably assumed that 3 ue T T  ). Hence, the particle will absorb an amount of thermal energy from the surrounding liquid proportional to its residence time. The absorbed thermal energy will be released to the bulk of liquid while the particle travels downward. When the particle arrives to the lower electrode, it will release the left thermal energy to the liquid adjacent to the lower electrode during the particle residence time until it obtains the thermal equilibrium with the surrounding medium. This scenario will be repeated as the particle moves up and down inside the liquid.
For a given particle and working fluid, effectiveness of this mechanism, basically, depends on the particle velocity, the particle residence times near the electrodes and the temperature difference between the hot and cold surfaces. A suitable model and accurate calculations are needed to determine the functionality of this mechanism. However, it is worthy to pay more attention to this mechanism in the problem under study, which deals with the collision of electrically charged particles with an electrode at the presence of an electric field. Because as reported by Choi et al. (200) , in this specific case, the charged particles, under some conditions, would settle on the electrode surface for a while. This settling time (or dwelling time (Capria, 2007) ) is several times larger than a typical contact time. Opalinsky, (1988) has reported residence time of 0.2-1.5s caused by electrostatic effect in a typical fluidized bed. So, the so called particle residence time would be considerably large in this case which consequently would increase the role of this mechanism on the heat transfer from HTS to the adjacent liquid.
In addition to the convective heat transfer via BM, collision of particles with a HTS would cause the conduction of heat between the HTS and the colliding particles. Most of the available theories in this regard (Sun and Chen, 1988; Mei et al., 2012) cannot be directly applied for the current study because they are based on the Hertzian contact theory (Johnson, 1987) , which does not account for the repulsive and attractive electrical forces acting on the contacting bodies. According to the previous studies, often, the conductive heat transfer between the impinging particles and HTS is insignificant (Murray, 1994a; Li et al., 2003) . It is not thought that this mechanism can play important role in the current problem because of two reasons. Firstly, the wall hydrodynamic effect (Izard et al., 2014) causes a considerable decrease in the impact velocity of particles which consequently reduces the contact area. Secondly, a thin layer of interstitial liquid prevents from direct contact between the approaching particles and the HTS. However, any probable enhancement from this mechanism can be easily included in the particle rebound mechanism (PRM) as described by Murray (1994b) .
All of the above mentioned mechanisms originate from the motion of particles. In other words, those mechanisms cannot act without having moving particles inside the heat transfer medium. However, even stationary particles can alter the heat transfer rate by changing heat capacity of the medium. The determinant factor in this mechanism is which has been appeared in the Eq. (7). For the present experiments, magnitude of this term equals to 0.0022 and 0.0016 for silicon oil and opticool, respectively (see Table 1 for numerical values of the liquids' physical properties). Therefore, enhancement by this mechanism does not seem possible and it will not be considered as a relevant mechanism for the heat transfer enhancement observed in the current work.
RESULTS AND DISCUSSION
After introducing the relevant heat transfer enhancement mechanisms, we will now discuss the results of the tests. Figure 8 shows the results of the heat transfer enhancement (HTEF) with respect to the powered electrode voltage, V. The graph shows that HTEF is proportional to V, as expected from the increase of particle velocity with the magnitude of the applied electric field. It is also found that the enhancement for silicon oil is small in comparison with that for opticool liquid. Considering that the thermal conductivity of the two liquids are close, this difference must be due to the different velocity of the particles, which arises from the large difference in dynamic viscosity of the two liquids. This result can be clearly seen in Fig. 9 , that shows the data of Fig. 8 versus the averaged velocity of moving particles,
As seen in Figure 9 , the results of experiments conducted with silicon oil and opticool liquid (tests of series A and B) show the same trend with respect to the moving particles velocity. In order to understand such behavior, we need to find out the role of particle velocity on the performance of the efficient mechanisms (BM, MM and PRM). Basically, for a given interval (here 5 minutes), effectiveness of the BM on the heat transfer enhancement will improve with both the particle impinging velocity, imp u , and the particle-electrode collision number, c N . Since, both imp u and c N are proportional to U , it can be deduced that the BM performance will significantly improve with . U Considering MM, it is clear that the volume of displaced liquid caused by motion of a particle and the consequent mixing effect will be augmented with .
U The PRM also is reinforced with increasing U because, as the particle velocity increases, larger amount of heat will be exchanged between the particle and the electrodes.
Therefore, it can be concluded that an increase in particles traveling velocity will intensify the three mechanisms. This is why the HTEF increases with U Another remarkable feature of Fig. 9 is the sudden increment of HTEF for specific values of , U which is followed by an increase in the slope of data fitting lines (20% for the first jump and 18% for the second one). Also, this behavior can be observed in Fig. 8 . The first and second jump in HTEF occurs when the powered electrode voltage increases from 11kV to 12 kV and from 14kV to 15kV, respectively (see Fig. 8 ). More information on the first and second jumps is given in Table 2 . It is important to note that this phenomenon is not seen in the tests conducted with silicon oil. This unusual increase in HTEF cannot be attributed to the bombardment mechanism. As seen in Fig. 5 ), and no sudden increment is seen. We believe this phenomenon is related to the mixing mechanism. As mentioned previously, this mechanism depends on the particle diameter size and the wake structure behind the moving particle. Basically, the wake structure depends on the particle Reynolds number. Experimental investigation of Taneda (Brennen, 2005) demonstrated that at Re ≈ 30, two rotating vortices are formed behind the sphere particle (see Fig. 10 ). We think these vortices significantly intensify the mixing action in the liquid. Indeed, when a particle advances with 30, Re  two circulating zones survive in its path of motion due to rotational inertia of the vortices. The interaction among these circulating zones and moving particles enhances the mixing action in the bulk of the liquid. Interaction between detached vortices have been studied by Rehimi et al. (2010) . Referring to Table 2 It is important to note that, in this investigation, the particles velocity has been calculated assuming a constant viscosity for the surrounding liquid. While, as it is known, the viscosity will reduce with increasing the liquid temperature. Therefore, the particles Reynolds number could have been underestimated here. This improvement in HTEF can be attributed to the increase in the particles mean velocity U, which is caused by the reduction of the working fluid viscosity. For evaluating this idea, we measured viscosity of the working fluids in different temperatures. As the results show (depicted in Fig. 12 ), the dynamic viscosity of both opticool and silicon oil decreases significantly with the temperature. It is worth to note that the µ/µ 0 Therefore, a more intense mixing mechanism (MM) is expected, which basically depends on the particle Reynolds number.
Increase in HTEF due to increasing the working fluid temperature -as observed in this study-is a special characteristic that could give an interesting self-controlling thermal property to a typical system which utilizes a flowing liquid as the heat transfer medium instead of a stagnant one. In fact, whenever the working fluid temperature increases due to insufficient heat transfer across the medium, its viscosity will decrease and consequently the HTEF will be augmented by the dominant mechanisms and will prevent the system from more warming.
CONCLUSION
In the present work, the heat transfer between a constant temperature plate and an adjacent stationary liquid was enhanced by means of spherical and sub-millimeter sized particles moving in the liquid medium. A uniform electric field was established between two parallel electrodes and utilized to excite and move the submerged conductive particles throughout the inter-electrode gap. It was experimentally demonstrated that such up and down motion of particles significantly enhances the heat transfer rate between a target electrode and the adjacent stationary liquid. Bombardment of the heat transfer surface by the moving particles (BM), the mixing action in the bulk of the base liquid that arises behind the moving particles (MM) and the thermal energy transported by the rebounding particles (PRM) were introduced as the effective mechanisms responsible for such enhancement. It was revealed that for the system under study, the particle velocity and its Reynolds number play an important role in the heat transfer enhancement mechanisms. It should be particularly noted that, although in the present study the Coulomb force was used for moving particles dispersed in liquid, the qualitative results, are valid if the particles are moved in a similar way by any other less hazardous agent such as magnetic forces.
APPNDIX
Uncertainty of the instruments and parameters involved in the current tests are given in Table 3 . Uncertainty of HTEF is calculated as below; 
T (t) T HTEF c T (t) T F( T ,T ,T , ,c ,c ),
The sensitivity coefficient of HTEF is (Beckwith et al., 2007) 
